INTRODUCTION
"The basic operation of the epidemiologist is to count cases and measure the population in which they arise" (1, p. 349). With this statement, Alexander D. Langmuir emphasized the critical role of statistical methods in public health practice. Public health is a population-based discipline that depends on science from other fields (2, p. 44), and a fundamental public health activity is the scientific measurement of health status. Toward this goal, statistical methods provide the scientific basis for identifying health problems, establishing objectives for health promotion and for disease and injury prevention, setting priorities for allocation of health care resources, and determining the impact of specific interventions.
In this paper, we document Langmuir's role in the contribution of statistical methods to public health practice in the United States. We describe Langmuir's direct and indirect roles in the historical development of statistical science at the Centers for Disease Control and Prevention (CDC), state and local health departments, and academia, with specific attention to the influence that statistical methods have had on policy in public health. Finally, we discuss the future directions of statistical research in public health.
BACKGROUND
In the late 1940s, the scientific staff of the CDC was composed primarily of engineers and entomologists assembled to control and eradicate malaria in the United States. As efforts broadened from control of flies and mosquitoes to laboratory support and epi-demic investigations, the importance of epidemiology in public health became apparent (2) . To lead the epidemiologic efforts of the CDC, Langmuir was recruited from The Johns Hopkins University, where he studied statistics with Lowell Reed and Margaret Merrell.
The close collaboration and friendship between Lowell Reed, then chair of the Department of Biostatistics at Johns Hopkins, and Wade Hampton Frost, chair of the Department of Epidemiology, no doubt influenced Langmuir's view of the importance of statistics to epidemiology (3) . Influenced by Reed's statistical techniques for epidemiologic analysis (4) and for physiology and biochemistry (5), Langmuir recognized that, as in other disciplines, the principles of epidemiology can be expressed mathematically (6) . Thus, he brought recognition of the potential for fruitful collaboration between statisticians and epidemiologists to the CDC (7).
LANGMUIR'S DIRECT CONTRIBUTIONS TO STATISTICS Sampling
Langmuir's experience in the theory of statistical sampling came from his role as advisor during the 1954 field trial of the Salk polio vaccine (1). Here he was influenced by the expertise of Professor William Cochrane of Harvard University, whose observations on the inadequate size of the sample for the trials led to the identification of the source of the problem, resulting in vaccine-associated polio incidence (2) . In addition, Langmuir was effective at conducting community surveys throughout the United States on childhood polio immunization coverage in [1958] [1959] . The data from these surveys available within a week aided in assessing vaccination status by age group and region, thus allowing targeting coverage for completeness (P. Leaverton, University of South Florida, personal communication, 1995).
In particular, Langmuir strongly influenced the standardization of sampling techniques used by CDC epidemiologists and state and local health departments (8) . His leadership resulted in the publication of a S30 Stroup and Smith book, Attribute Sampling Methods for Local Health Departments (9) , which presented information on survey methods that estimate the proportion of a community with a given attribute (e.g., immunization levels). In the foreword of this book, Langmuir is honored as an epidemiologist who"... for many years stimulated the development of probability survey methods that can be used by field epidemiologists in the study of infectious disease outbreaks" (9, p. iv). As the sampling methodology book was intended for use by local health departments, the foreword states, "The methods must be adaptable to health jurisdictions that included urban areas , smaller cities, villages and open country areas " (9, p. iii). The book cites examples for cities and has been used for immunization surveys in every parish in Louisiana (J. C. Smith, CDC, personal communication, 1995). This book has resulted in the use of standard methods for surveys at state and local levels.
Statistics and surveillance
Public health surveillance provides many of the data needed for modem public health. The term surveillance is derived from the French word meaning "to watch over" and, as applied to public health, means the close monitoring of the occurrence of selected health events in the population. Surveillance data resulting from the ongoing monitoring by the CDC of the occurrence of a disease or condition provide quantitative data for deciding which public health actions are taken and whether these actions are effective.
Langmuir was convinced of the need for adequate data to guide public health policy. His first used CDC surveillance data to influence policy on malaria (10) . This systematic surveillance effort, which involved systematic investigation of each case, revealed that malaria had disappeared as an endemic disease in the southeastern United States and that all cases were either relapses or introduced; thus, he concluded, the existing levels of mosquito control were unnecessary (11) . Later, Langmuir applied the concept of surveillance to multiple health problems, including poliomyelitis (12, 13), nosocomial infections, and salmonellosis (14) . In 1988, because of the foundation Langmuir laid in surveillance, the CDC held the first symposium on statistics in surveillance to document "the powerful relationship of statistical science to public health surveillance" (15, p. 253).
Life tables
An innovative contribution to public health was Langmuir's introduction of the demographic technique of life tables. The utility of results from longitudinal epidemiologic studies is affected by a perplexing problem: lost to follow-up (i.e., dropping out of the study) due to events such as death or changes affecting study eligibility (e.g., moving out of the study area), thereby inhibiting data collection. Langmuir used the multipledecrement life table approach of the Population Council (16, 17) in epidemiologic training at the CDC.
Prediction
Data concerning pneumonia and influenza mortality, including laboratory data, case reports, and workplace and school absenteeism, are used to characterize influenza epidemics. The reported number of influenza deaths, however, is the most widely used indicator of influenza activity in the United States (18) . When a statistical model can be fit to the series of mortality data, the excess of deaths over the number expected can be calculated and used as a measure of the intensity of an influenza epidemic.
Calculation of excess mortality associated with influenza dates back to Collins (19) , who used the median number of deaths during nonepidemic years as the expected number to calculate an "epidemic threshold." Later, Eickhoff et al. (20) used a regression model fit to nonepidemic weeks to calculate the expected mortality. Langmuir's contribution to the epidemiology of influenza was directly influenced by his Hopkins training in the use of mathematical models for epidemics. Using theory developed by Serfling (18) and the Reed-Frost epidemic model (5), Langmuir developed models to forecast future influenza epidemics. Langmuir collaborated with Robert E. Serfling, chief of the statistical branch in Langmuir's Bureau of Epidemiology, to develop methods to estimate the excess mortality of influenza (20) . This work was one of the earliest applications of a mathematical model to guide public health policy.
Two measures of the intensity of an epidemic, the percentage excess (ratio of an excess rate to an expected rate) and the relative intensity (a standardized sum of excess death during an epidemic period), were developed by Housworth and Langmuir (21) and others on his staff (7). For many years, these methods have provided the scientific basis for vaccine recommendations and have identified characteristics of populations at high risk.
Lognormal distributions have been used to model the intensity of incidence during influenza epidemics (22, 23) . In 1990, Langmuir used this lognormal model to predict total incidence of acquired immunodeficiency syndrome (AIDS) cases in the United States (24) . Although this work raised some controversy regarding model form, the model used sound statistical methodology to model the course of an epidemic due to an acutely infectious agent in a single closed population (25) . That this approach failed to predict the actual number of AIDS cases in the United States appears due more to the presence of two superimposed epidemics with different epidemiologic characteristics (in homosexuals and in intravenous drug users) and to the failure to account for persistent infectiousness than to any intrinsic problem in model development.
LANGMUIR'S INDIRECT CONTRIBUTIONS TO STATISTICS Prediction
Langmuir's support of statistical methods for forecasting future epidemics of influenza spawned further development. Choi and Thacker (26) used mortality data reported weekly to the CDC from a large group of cities in the United States to develop an autoregressive moving average model. Multiple time series models have been developed to account for different patterns of influenza mortality among different age groups (27) . Currently, the CDC use a method developed by Serfling (18) , which computes expected deaths from a sinusoidal regression model fit to nonepidemic data; an epidemic is defined by 2 consecutive weeks when pneumonia-associated mortality exceeds the upper 95 percent confidence limit around this regression model. The statistical methods began with a descriptive approach used for analyses of infectious disease problems when the etiology of the disease is well documented and the risks associated with exposure are large (31) . With an increase in complexity of issues facing communities, more complex methods are needed by CDC epidemiologists to address complicated patterns of risks associated with multiple etiologies, long latency, and low incidence (figure 2). Currently, EIS officers receive training in advanced methods of modeling (e.g., logistic regression) and health economics (32) .
DISCUSSION
From the earliest inception of the CDC as a wartime agency charged with malaria control to its current activities in diverse health fields, statistical methods have been an integral component of CDC science (14) . From the basic methods of risk measurement sufficient for infectious problems associated with relatively large risk estimates, a paradigm shift brought MantelHaenszel and other methods of adjustment to deal with chronic conditions of multiple etiology.
This development is due, in large part, to the seminal role of Langmuir in epidemiologic training. The inclusion of statistical training in a public health curriculum was unusual in the 1950s. Statisticians and other public health professionals trained in the EIS course throughout its history have understood the importance of statistical methods in policy development.
Further, the course has allowed the incorporation of new statistical methods as public health problems demand them. Availability of computers and software packages (33) increased the utility of calculationintensive methods such as logistic regression and time series analysis.
Statistical methods at the CDC are met with many challenges. The analysis of sparse data sets, the combination of data from multiple sources, and the use of economic methods in public health are merely examples. Langmuir's encouragement of statistics and statisticians and his use of statistical work in policy decisions underlie much of the statistical work in public health today. Although his recommendations were sometimes controversial (34), they continue to engender lively debate, and his contribution to the science of statistics in public health was critical.
